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QUASI SYNCHRONOUS TRANSMISSION IN 
CELLULAR NETWORKS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The invention relates to utilization of communica 
tion resources in cellular communication systems and in par 
ticular, but not exclusively, to supporting broadcast commu 
nication in a time-division duplex 3rd Generation Partnership 
Project (3GPP) Wireless communication system. 
[0003] 2. Description of RelatedArt 
[0004] Currently, 3rd generation cellular communication 
systems are being developed to enhance the communication 
services provided to mobile Wireless users. Some Widely 
adopted 3rd generation communication systems are based on 
Code Division Multiple Access (CDMA) and Frequency 
Division Duplex (FDD) or Time Division Duplex (TDD) 
technology. In CDMA-only systems, user separation may be 
obtained by allocating different spreading and/ or scrambling 
codes to different users on the same carrier frequency and in 
the same time intervals. This is in contrast to time division 
multiple access (TDMA) systems, Where user separation is 
achieved by assigning different time slots to different users. 
[0005] In addition, TDD provides for the same carrier fre 
quency to be used for both uplink transmissions, i.e., trans 
missions from the mobile Wireless communication unit (often 
referred to as Wireless subscriber communication unit or user 

equipment, “UE”) to the communication infrastructure via a 
Wireless base station serving a cell, and doWnlink transmis 
sions, i.e., transmissions from the communication infrastruc 
ture to the mobile Wireless communication unit via a Wireless 
base station. In TDD, the carrier frequency is subdivided in 
the time domain into a series of timeslots. The single carrier 
frequency is assigned to uplink transmissions during some 
timeslots and to doWnlink transmissions during other 
timeslots. An example of a communication system using this 
principle is the TDD option of the Universal Mobile Telecom 
munication System (UMTS), as speci?ed in part by 3GPP. 
[0006] In a conventional cellular system, base stations serv 
ing coverage cells in close proximity to each other are allo 
cated non-overlapping transmission resources. For example, 
in a CDMA netWork, base stations serving cells Within close 
proximity to each other can be allocated distinct spreading 
codes (to be used in both the uplink direction and the doWn 
link direction). This may be achieved by, for example, using 
a common spreading code for both uplink and doWnlink at 
each cell, but a different cell-speci?c scrambling code for 
each UE Within the cell. The combination of these leads to 
effectively distinct spreading codes at each cell. 
[0007] In order to provide enhanced communication ser 
vices, 3” generation cellular communication systems are 
designed to support a variety of different and enhanced ser 
vices. One such enhanced service is multimedia services. The 
demand for multimedia services that can be received via 
mobile phones and other portable devices is expected to groW 
rapidly over the next feW years. Multimedia services, due to 
the nature of the data content that is to be communicated, 
generally require high bandWidth transmission channels. 
[0008] Typically, in such cellular systems that employ a 
single carrier frequency, a Wireless subscriber unit is ‘con 
nected’ to one Wireless serving communication unit, i.e., a 
base station of one cell. Base stations in other cells of the 
netWork typically generate interfering signals to the Wireless 
subscriber unit of interest. These interfering signals can 
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degrade the maximum achievable data rate that can be main 
tained With the Wireless subscriber unit. 

[0009] One approach for the provision of multimedia ser 
vices is to ‘broadcast’ the multimedia signals, as opposed to 
sending the multimedia signals in a unicast (i.e., point-to 
point) manner. Typically, tens of channels carrying, for 
example, neWs, movies, sports, etc. may be broadcast simul 
taneously over a communication netWork. 

[0010] As radio spectrum is at a premium, spectrally e?i 
cient transmission techniques are required in order to provide 
users With as many broadcast services as possible, thereby 
providing mobile phone users (subscribers) With the Widest 
choice of services. It is knoWn that broadcast services may be 
carried over cellular netWorks, in a similar manner to conven 
tional terrestrial television/radio transmissions. 

[0011] Technologies for delivering multimedia broadcast 
services over cellular systems, such as the Mobile Broadcast 
and Multicast Service (MBMS) for UMTS, have been devel 
oped over the past feW years. In these broadcast cellular 
systems, the same broadcast signal is transmitted over non 
overlapping physical resources on adjacent cells Within a 
conventional cellular system. Consequently, at the Wireless 
subscriber unit, the receiver must be able to detect the broad 
cast signal from the base station of the cell to Which it is 
connected. Notably, this detection needs to be made in the 
presence of additional, potentially interfering broadcast sig 
nals, transmitted on the non-overlapping physical resources 
of adjacent cells. 
[0012] In addition, digital video broadcasting (DVB) tech 
nologies have recently evolved and are targeted at delivering 
broadcast video to mobile handheld (DVB-H) terminals. 
Often, Wireless infrastructure transmitters in such netWorks 
operate as Wireless repeaters. Hence, a separate and distinct 
technology, usually a cellular phone technology, is used to 
provide uplink and doWnlink unicast signals (Which are 
required to carry control signaling and uplink user tra?ic) to 
facilitate broadcast communications to the DVB-H terminal 
using DVB. In this scenario tWo independent netWorks are 
required (cellular and broadcast netWorks) Which tend to 
operate at substantially different carrier frequencies. This can 
have implications from an infrastructure perspective in terms 
of cost and cell site equipment reuse. 

[0013] Proposed or implemented techniques for broadcast 
Wireless transmissions require either separate spectrum dedi 
cated for broadcast purposes, or duplicate circuitry in the 
mobile receiver to receive distinct broadcast and unicast 
transmissions at respective frequencies. 
[0014] Thus, typically in a Wireless communication net 
Work, in order to achieve the high bandWidths envisaged for 
broadcast transmissions, interference from neighboring cells 
should be mitigated to achieve the high throughput rates 
required for a broadcast transmission. Hence, an improved 
mechanism to address the problem of supporting broadcast 
transmissions over a cellular netWork Would be advanta 
geous. In particular, a system alloWing for the provision of 
broadcast transmissions in a cellular system to co-exist With 
the existing cellular system Would be advantageous. 
[0015] In one approach, a cellular netWork is used to deliver 
doWnlink broadcast services in addition to unicast services in 
both the uplink and the doWnlink modes such that broadcast 
services are transmitted simultaneously using identical physi 
cal resources by either base stations in all cells of the netWork 
or by base stations in a cluster of cells in proximity to each 
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other While unicast services are delivered over non-overlap 
ping physical resources in adjacent cells, as in conventional 
cellular systems. 
[0016] For example, in a TD-CDMA based cellular system, 
the broadcast services can be transmitted over the entire net 
Work or over a cluster of cells using the same spreading 
code(s) While unicast tra?ic is transmitted using distinct 
spreading codes in adjacent cells. Furthermore broadcast and 
unicast transmissions may be performed in different 
timeslots. This reduces the interference experienced by the 
mobile receiver While detecting broadcast signals. A require 
ment is to ensure that the signals from the different cells are 
quasi-synchronous, meaning that signals from different base 
stations arrive at a UE receiver Within a nominal time WindoW. 
[0017] The data packets arriving at the base stations from 
the netWork controllers must arrive at substantially the same 
point in time so as to be transmitted at the same point in time. 
It is assumed that the base stations in the netWork are syn 
chroniZed via a synchronization port. Typically GPS is one 
method for the synchronization of base stations in 3GPP 
UMTS. The GPS signal is applied to a synchroniZationport of 
the base station. 
[0018] Typically the netWork controllers are asynchronous. 
In such a case, the data packets may arrive at the base stations 
at substantially different points in time. Therefore, even 
though the base stations are synchroniZed locally, and syn 
chroniZed at the air-interface, the transmissions from cells 
When observed at a UE receiver may appear to be asynchro 
nous at the data packet level. If they do appear out-of-sync at 
the packet data level, then the signals from the out-of-sync 
cells Will appear as interference because different data pack 
ets are simultaneously being transmitted by different base 
stations. Consequently, the signal-to-noise ratio can degrade 
and hence the throughput may decrease. Therefore, data 
packets need to be synchroniZed at the base stations as Well as 
the air-interface. 

SUMMARY 

[0019] Aspects of the invention include a root node of a 
Wireless communication infrastructure that buffers data pack 
ets for transmission by base stations over an air interface. 
Processing logic in the root node determines a time delay for 
transmission of a data packet (e.g., the same data packet) from 
the root node to each base station, a maximum time delay of 
those time delays, and a timing latency based upon the maxi 
mum time delay. The timing latency may be greater than the 
maximum time delay. The root node transmits the timing 
latency to the base stations. In response, each base station 
may initiate transmission of data packets received by the root 
node after expiration of the timing latency. 
[0020] The root node may comprise a core network, in 
Which case the time delays are based upon transmission of the 
data packet from the root node to the base stations via a 
netWork controller. In that case, determining the maximum 
time delay may include determining, for each netWork con 
troller, a single time delay from the root node to the netWork 
controller, and a maximum time delay from the netWork 
controller to the base stations corresponding to the netWork 
controller. In another embodiment, the root node may com 
prise the netWork controller itself. 
[0021] The time delays may be based upon a round trip data 
packet transmission delay betWeen the root node and each 
base station. Alternatively, the processing logic may deter 
mine the time delays by incorporating a ?rst time stamp into 
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a request, sending the request to the base stations, and, for 
each base station, determining a difference betWeen the ?rst 
time stamp and a second time stamp incorporated by the base 
station in a response to the request, Which is received by the 
root node. 

[0022] In another embodiment, the root node, instead of the 
base stations, buffers the data packets. In that case, processing 
logic in the root node determines the time delay for transmis 
sion of a data packet from the root node to each base station, 
determines a maximum time delay of the time delays; and 
initiates transmission of the data packets (e. g., the same data 
packets) to each base station based upon a corresponding 
latency differential betWeen the maximum time delay and the 
time delay from the root node to each corresponding base 
station. For example, the root node may initiate transmission 
of the data packets to the base station associated With the 
maximum time delay; and initiate transmission of the data 
packets to a second base station after expiration of the latency 
differential associated With the second base station. Accord 
ing to this technique, the ?rst of the data packets arrives at 
each base station at substantially the same time, such as 
Within the scheduling interval of each base station. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] Embodiments of the invention Will be described, by 
Way of example only, With reference to the draWings, in 
Which: 
[0024] FIG. 1 illustrates the reception of broadcast signals 
from tWo base stations by a subscriber terminal. 
[0025] FIG. 2 illustrates an infrastructure network. 
[0026] FIG. 3 illustrates a tree of netWork nodes, With asso 
ciated inter-node transmission delays. 
[0027] FIG. 4 illustrates a method by Which a root node 
acquires transmission delay information according to an 
embodiment of the invention. 
[0028] FIG. 5 illustrates data packet buffering according to 
a further embodiment of the invention. 

DETAILED DESCRIPTION 

[0029] In the folloWing description, reference is made to 
the accompanying draWings Which illustrate several embodi 
ments of the present invention. It is understood that other 
embodiments may be utiliZed and mechanical, composi 
tional, structural, electrical, and operational changes may be 
made Without departing from the spirit and scope of the 
present disclosure. The folloWing detailed description is not 
to be taken in a limiting sense, and the scope of the embodi 
ments of the present invention is de?ned only by the claims of 
the issued patent. 
[0030] Some portions of the detailed description Which 
folloWs are presented in terms of procedures, steps, logic 
blocks, processing, and other symbolic representations of 
operations on data bits that can be performed on computer 
memory. A procedure, computer executed step, logic block, 
process, etc., are here conceived to be a self-consistent 
sequence of steps or instructions leading to a desired result. 
The steps are those utiliZing physical manipulations of physi 
cal quantities. These quantities can take the form of electrical, 
magnetic, or radio signals capable of being stored, trans 
ferred, combined, compared, and otherWise manipulated in a 
computer system. These signals may be referred to at times as 
bits, values, elements, symbols, characters, terms, numbers, 
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or the like. Each step may be performed by hardware, soft 
Ware, ?rmware, or combinations thereof. 
[0031] Several embodiments of the invention are described 
beloW. These embodiments are described With reference to 
3GPP UMTS systems, speci?cations and recommendations, 
but are applicable more generally. 
[0032] The concept of a broadcast system operating in a 
cellular netWork on the same carrier as a conventional cellular 

system has been described above. To increase the cell 
throughput for broadcast transmissions, the same signal is 
transmitted at the same time (or about the same time) from 
multiple base stations in a netWork that supports broadcast 
services. The mobile receiver receives these signals and pro 
cesses them as multipath components, combining the signals 
in an optimum (or nearly optimum) manner as part of the 
receiver processing. This is illustrated in FIG. 1 for the case of 
tWo base stations transmitting in broadcast mode. Those 
skilled in the art Will recognize that all netWork elements 
described herein (e.g., netWork controllers, base stations, user 
equipment) include transmitters and receivers under the con 
trol of processors and/ or other logic. 
[0033] Base station 102 is physically closer to mobile 
receiver 101 than base station 103. The respective signal 
propagation distances are labeled 106 and 109, respectively. 
Graph 104 is a magnitude versus time plot of multipath signal 
impulse response resulting from a base station 102 transmis 
sion, in a communication theory context (although actually, 
physically realizable signals are transmitted). Here the sig 
nals arriving at the receiver appear at nominally the same 
point in time, i.e., they appear quasi-synchronously (meaning 
that they are aligned, or are nearly aligned in time). Although 
only one impulse is transmitted by each base station, multiple 
impulses 105 can result from signal re?ections corresponding 
to multiple propagation paths. The result is that the impulse 
response is smeared out in time. This is sometimes referred to 
as channel dispersion. 

[0034] Often, CDMA receivers use a Rake receiver to 
resolve individual multipath components and combine them 
With appropriate delays to compensate for the channel dis 
persion. Graph 107 is a magnitude versus time plot of multi 
path signal impulse response resulting from a base station 103 
transmission, With 108 being the corresponding multiple 
impulses. Although base stations 102 and 103 ostensibly 
transmit the same data at the same (or nearly the same) time, 
because propagation path 1 09 is longer than propagation path 
106, When the signals are received by mobile receiver 101, 
they are offset in time as shoWn in magnitude versus time plot 
110. Impulse cluster 112 resulting from the base station 103 
transmission arrives later than impulse cluster 111 resulting 
from base station 102 transmission because propagation path 
109 is longer than propagation path 106. Time interval 113 in 
graph 11 0 is the difference in propagation time betWeen paths 
109 and 106. Time interval 114 is an effective channel dis 
persion for the combined base station transmissions that can 
be compensated for by receiver signal processing, such as a 
Rake receiver, if the time interval is short enough. 
[0035] An exemplary netWork architecture is shoWn in 
FIG. 2. Base stations 206 through 209 provide Wireless trans 
missions to mobile receivers. NetWork controllers 204 and 
205 each control multiple base stations. The netWork control 
lers control the radio resource and provide an interface 
betWeen the base stations and core netWork 203. The core 
netWork 203 provides session management and routing of 
data to external netWorks. The service center 202 provides 
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scheduling of broadcast information, provides an interface to 
a content provider, and may provide security and authentica 
tion. In 3GPP terminology: (i) a base station is a Node B; (ii) 
a netWork controller is a RNC; (iii) the core netWork is a 3G 
core netWork, providing an serving GPRS support node 
(SGSN) interface into the RNC; and (iv) the service center is 
a BM-SC (Broadcast Multicast-Service Center) that inter 
faces into the GGSN of the 3G core netWork. The data from 
the content provider 201 passes through the service center 
202 (BM-SC) and the core netWork. The data is sent from the 
core netWork to a plurality of netWork controllers. Note the 
data sent to each netWork controller is identical. 3GPP tech 
nical speci?cation TS23.246 v6.4.0 “3rd Generation Partner 
ship Project; Technical Speci?cation Group Services and 
System Aspects; Multimedia Broadcast/Multicast Service 
(MBMS); Architecture and Functional Description (Release 
6),” published by the 3GPP Support O?ice, 650 Route des 
LuciolesiSophia Antipolis, ValbonneiFRANCE, contains 
further details, and is incorporated by reference herein. 
[0036] If the signals from the different base stations are 
quasi-synchronous, meaning signals from different base sta 
tions arrive at the UE receiver Within a nominal time period, 
the individual multipath signal components can all be 
resolved and combined With appropriate time delays by the 
UE receiver’s signal processing circuitry. The data packets 
arriving at the base stations from the netWork controllers must 
arrive at substantially the same point in time so as to be 
re-transmitted at the same point in time. In some embodi 
ments, the system ensures that, the data arrives Within the 
scheduling interval of the base station. It is assumed that the 
base stations in the netWork are synchronized locally via a 
synchronization port. GPS is one method for synchronization 
of base stations. The GPS signal is applied to the synchroni 
zation port of a base station. 

[0037] As discussed above, the netWork controllers are 
typically asynchronous. In such a case, the data packets may 
arrive at the base stations at substantially different points in 
time. Therefore, even though the base stations are synchro 
nized locally, and synchronized at the air-interface, the trans 
missions from cells When observed at a UE receiver may 
appear to be asynchronous at the data packet level. If they do 
appear out-of-sync at the data packet level, then the signals 
from the out-of-sync cells Will appear as interference because 
different data packets are simultaneously being transmitted 
by different base stations. Consequently, the signal-to-noise 
ratio can degrade and hence the throughput can be reduced. 
Referring to FIG. 1, the signal-to-noise ratio for the out-of 
sync case is given by 

P1 (1) 

[0038] Where P, is the received poWer in 111, P2 is the 
received poWer in 112, and n is thermal noise. If the transmit 
ted data packets from all base stations are in-sync, then the 
transmissions appear as multipath components at the UE. 
Thus once they have been identi?ed, they can be coherently 
combined through the usual detection algorithms. The out 
come of this is that the effective SNR is vastly improved, as 
both the Wanted signal component has been increased and 
additionally the interference component has been reduced. 
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Referring to FIG. 1, the signal-to-noise ratio for the in-sync 
case is given by 

_ Pl + P2 (2) 

[0039] Therefore, data packets need to be synchronized at 
the base stations as well as at the air-interface. Embodiments 
of the current invention provide novel techniques for synchro 
nizing the data packets at the base station to ensure quasi 
synchronous transmission. 
[0040] This problem can also arise even when the network 
controllers are synchronized. For example, with reference to 
FIG. 2, if the propagation delay 210 is less than the propaga 
tion delay 211, then data from the core network 203 will 
arrive at Network Controller #1 (204) before it arrives at 
Network Controller #2 (205). Even if the network controllers 
were synchronized via a master synchronization signal, trans 
mission delays between network elements would still result 
in different arrival times at the base stations, owing to differ 
ing propagation delays 212 through 215. Clearly, to enable 
quasi-synchronous broadcast transmission, the same data 
packets have to be transmitted at the same (or about the same) 
time by all of the base stations in broadcast mode. Embodi 
ments of the present invention ensure that the transmissions 
of data packets from all base stations of interest are substan 
tially synchronized at the data packet level. 
[0041] Consider the network diagram shown in FIG. 3. The 
nodes in the tree are network elements (e.g., core network, 
network controllers, and base stations) and the connections 
between nodes are the inter-element delays. The architecture 
is assumed to be hierarchical, and, in this example, consists of 
3 layers. The diagram shows a three layer architecture: layer 
0 corresponds to the Root Node, layer 1 is connected to the 
Root Node and has K network elements, and layer 2 is the 
lowest layer (or terminal node layer) in the hierarchy and has 
Qk network elements for each network element in layer 1. We 
de?ne the network element, NO, as the source node or Root 
Node. In one embodiment, the Root Node physically corre 
sponds to the core network. 
[0042] The delay between network element NO and Nk, 
where kIl, . . . , K is de?ned by dk, and the delay between 
network element Nk and NM where q:l , . . . , Qk is de?ned by 
dk?. The delay is de?ned in units of seconds. The maximum 
delay from network element NO through network element Nk 
(k#0) to network element NM is given by 

Dk : max(dk + dkyq) (3) 
q 

[0043] Where the function max( . . . ) determines the maxi 
mum value by keeping k constant and changing q over the 
range 1 to Qk. Let the vector D:(Dl, D2, . . . , DK) be the set 
of delays, and de?ne the maximum delay from the Root Node 
to layer 2 as 

Dmax:max(D) (4) 

[0044] FIG. 4 illustrates an embodiment in which the Root 
Node acquires the delay information associated with network 
elements Nk and NM. The Root Node NO sends a message 
“REQUEST” to network element NM. The message 
“REQUEST” from the Root Node requests a “RESPONSE” 
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message from the network element Nk?. In this example, the 
network element Nk provides message forwarding between 
Nk and NM. When the Root Node receives the message 
“RESPONSE,” the total delay is the round trip delay, which 
will be equal to 2Dk. 
[0045] To obtain the one way delay, the round trip delay is 
halved. The Root Node repeats the above procedure for each 
network element in the lowest (terminal node) layer until it 
has all delays in the network. When the Root Node has esti 
mated all delays, the Root Node uses equation 2 to estimate 
the longest delay in the network. 
[0046] Given the maximum delay, Dmax, the Root Node can 
now estimate the earliest point in time at which the data can be 
simultaneously transmitted by the network elements Nk? in 
the lowest layer (e.g., the base station layer). The Root Node 
signals to all of the network elements NM a timing latency for 
transmission. The timing latency period is greater than or 
equal to Dmax. The Root Node then commences transmission 
of the data packets to the network elements at the lowest layer 
(i.e., the base stations). 
[0047] It will be understood by those skilled in the art that 
if the delays between the Root Node and terminal nodes are 
non-reciprocal (upstream delay and downstream delay dif 
fer), su?icient margin should be added to Dmax. According to 
other embodiments, methods for estimating the one-way 
delay from the Root Node to the lowest layer can alternatively 
use time stamping at the Root Node and the lowest layer 
network element. This can be included as part of the messag 
ing “REQUEST” and “RESPONSE”. In other words, the 
RESPONSE message will provide to the Root Node the time 
at which the REQUEST message was received at the lowest 
layer, which can be compared to the time the REQUEST 
message was sent. The sent REQUEST time could be 
included with the REQUEST message, thereby allowing the 
RESPONSE message to include the difference representing 
the one-way delay, which may be calculated by the lowest 
layer network element Additional methods of estimating the 
margin may be devised by those skilled in the art of commu 
nication system design. 
[0048] It is highly likely that the network delays will differ 
between the different network terminal nodes and the Root 
Node. To overcome this problem, buffering of the data pack 
ets is used at the network elements in the lower layer (e.g., 
base stations). The buffering is required to store the informa 
tion at least until the time at which the maximum delay (the 
“timing latency”) is reached. This is shown in FIG. 5. 
[0049] In this example there are only two layers. The delay 
from the Root Node NO to the ?rst network element N1 is less 
than the delay from the Root Node to the second network 
element N2. The Root Node transmits four consecutive pack 
ets of data. The data buffer in the ?rst network element has 
two data packets stored when the second network element 
receives the ?rst data packet. The timing latency is set to at 
least the maximum delay. When the timing latency is reached, 
the ?rst data packet is transmitted simultaneously from the 
?rst and second network elements (e.g., base stations), thus 
helping to establish quasi-synchronous transmission at the air 
interface. The transmission continues until all four data pack 
ets have been transmitted. 

[0050] In one 3GPP embodiment, the network has three 
layers; the Root Node or network element at layer 0 is an 
SGSN, the network elements in layer 1 are RNCs, and the 
network elements in layer 2 are Node Bs. In another 3GPP 
embodiment, there are only 2 layers, the Root Node or net 
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work element at layer 0 is an RNC, and the network elements 
in layer 1 are Node Bs. It will be understood that various 
embodiments of the invention can support multiple layers, but 
ultimately each embodiment requires a single Root Node. 

[0051] In another embodiment, instead of buffering the 
data packets at the lower-layer network elements (base sta 
tions, in this example), the system buffers the data packets at 
the Root Node, and transmits the data packets from the Root 
Node at different times to each base station so that the data 
packets arrive at the base stations at substantially the same 
time, e.g., within the scheduling interval of the base station. 
This technique does not require the timing latency to be 
signalled to the base stations. Instead, the Root Node com 
putes the difference, Al, between Dmax and the delay from the 
Root Node to each base station, BSi. After initiating trans 
mission of the data packets to the base station, BSmax, asso 
ciated with the maximum delay Dmax, the Root Node waits for 
expiration of the difference, Al, before initiating transmission 
of the data packets to the corresponding base station, BSi. 
[0052] While the invention has been described in terms of 
particular embodiments and illustrative ?gures, those of ordi 
nary skill in the art will recogniZe that the invention is not 
limited to the embodiments or ?gures described. 

[0053] Those skilled in the art will recogniZe that the opera 
tions of the various embodiments may be implemented using 
hardware, software, ?rmware, or combinations thereof, as 
appropriate. For example, some processes can be carried out 
using digital circuitry or computers (generically referred to 
herein as computers or processors) under the control of soft 
ware, ?rmware, or hard-wired logic. Software and ?rmware 
can be stored on computer-readable media. Some other pro 
cesses can be implemented using analog circuitry, as is well 
known to one of ordinary skill in the art. 

[0054] It will be appreciated that, for clarity purposes, the 
above description has described embodiments of the inven 
tion with reference to different functional units and proces 
sors. However, it will be apparent that any suitable distribu 
tion of functionality between different functional units or 
processors may be used without detracting from the inven 
tion. For example, functionality illustrated to be performed by 
separate processors or controllers may be performed by the 
same processor or controller. Hence, references to speci?c 
functional units are only to be seen as references to suitable 
means for providing the described functionality, rather than 
indicative of a strict logical or physical structure or organiZa 
tion. 

[0055] Although the present invention has been described 
in connection with some embodiments, it is not intended to be 
limited to the speci?c form set forth herein. Rather, the scope 
of the present invention is limited only by the claims. Addi 
tionally, although a feature may appear to be described in 
connection with particular embodiments, one skilled in the art 
would recogniZe that various features of the described 
embodiments may be combined in accordance with the inven 
tion. 

[0056] Furthermore, although individually listed, a plural 
ity of means, elements or method steps may be implemented 
by, for example, a single unit or processor. Additionally, 
although individual features may be included in different 
claims, these may possibly be advantageously combined, and 
the inclusion in different claims does not imply that a com 
bination of features is not feasible and/or advantageous.Also, 
the inclusion of a feature in one category of claims does not 
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imply a limitation to this category, but rather the feature may 
be equally applicable to other claim categories, as appropri 
ate. 

What is claimed is: 
1. A method performed by a root node of a wireless com 

munication infrastructure to buffer data packets for transmis 
sion by a plurality of base stations over an air interface, the 
method comprising: 

a) determining a plurality of time delays for transmission 
of a data packet from a root node to the plurality of base 

stations; 
b) determining a maximum time delay from the plurality of 

time delays; 
c) determining a timing latency based upon the maximum 

time delay; and 
d) transmitting the timing latency to the plurality of base 

stations. 
2. The method of claim 1, wherein the timing latency is 

greater than the maximum time delay. 
3. The method of claim 1, wherein: 
the root node comprises a core network; and 
determining time delays comprises determining the plural 

ity of time delays for transmission of the data packet 
from the root node to the base stations via a network 
controller. 

4. The method of claim 3, wherein determining a maximum 
time delay comprises determining, for each network control 
ler, a single time delay from the root node to the network 
controller, and a maximum time delay from the network 
controller to the base stations corresponding to the network 
controller. 

5. The method of claim 1, wherein the root node comprises 
a network controller. 

6. The method of claim 1, further comprising transmitting 
the data packet from the root node to each base station over 
the air interface. 

7. The method of claim 1, wherein the same data packet is 
transmitted from the root node to each base station. 

8. The method of claim 1, wherein the plurality of time 
delays is based upon a round trip data packet transmission 
delay between the root node and each base station. 

9. The method of claim 1, wherein determining the time 
delays comprises: 

incorporating a ?rst time stamp into a request; 
sending the request to the plurality of base stations; 
and, for each base station, determining a difference 

between the ?rst time stamp and a second time stamp 
incorporated by the base station in a response to the 
request received by the root node. 

10. The method of claim 1, wherein the wireless commu 
nication infrastructure is a 3GPP UMTS infrastructure and 
the root node is a 3G core network. 

11. The method of claim 10, wherein a radio network 
controller (RNC) mediates communication between a Node 
B and the 3G core network. 

12. A method performed by a base station of a wireless 
communication infrastructure to buffer data packets for trans 
mission over an air interface, the method comprising: 

a) responding to a request received from a root node for 
determining a transmission delay; 

b) receiving a timing latency from the root node, wherein 
the timing latency is based upon a maximum time delay 
for transmission of a data packet from the root node to a 
plurality of base stations; 
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c) buffering at least one data packet for re-transmission 
over an air interface based upon the received timing 
latency. 

13. The method of claim 12, Wherein the timing latency is 
greater than the maximum time delay. 

14. The method of claim 12, Wherein responding com 
prises providing to the root node a time stamp representing 
the time the request Was received by the base station. 

15. The method of claim 12, Wherein the Wireless commu 
nication infrastructure is a 3GPP UMTS infrastructure and 
the base station is a Node B. 

16. A computer-readable medium having computer execut 
able instructions for performing a method by a root node of a 
Wireless communication infrastructure to buffer data packets 
for transmission by a plurality of base stations of the Wireless 
communication infrastructure over an air interface, the 
method comprising: 

a) determining a maximum time delay for transmission of 
a data packet from a root node to a plurality of base 

stations; 
b) determining a timing latency based upon the maximum 

time delay; and 
c) transmitting the timing latency to at least one of the 

plurality of base stations. 
17. The computer-readable medium of claim 16, Wherein 

the timing latency is greater than the maximum time delay. 
18. The computer-readable medium of claim 16, Wherein: 
the root node comprises a core network; and 
determining a maximum time delay comprises determin 

ing a maximum of a plurality of time delays associated 
With transmission of the data packet from the root node 
to the base stations via a netWork controller. 

19. The computer-readable medium of claim 18, Wherein 
determining a maximum time delay comprises determining, 
for each netWork controller, a single time delay from the root 
node to the netWork controller, and a maximum time delay 
from the netWork controller to the base stations correspond 
ing to the netWork controller. 

20. The computer-readable medium of claim 16, Wherein 
the root node comprises a netWork controller. 

21. The computer-readable medium of claim 16, further 
comprising computer-executable instructions for transmit 
ting the data packet from the root node to the plurality of base 
stations. 

22. The computer-readable medium of claim 21, Wherein 
the instructions for transmitting the data packet include 
instructions for causing the same data packet to be transmitted 
from the root node to each base station. 

23. The computer-readable medium of claim 16, further 
comprising computer-executable instructions to determine 
the maximum time delay based upon a maximum of round 
trip data packet transmission delays betWeen the root node 
and the base stations. 

24. The computer-readable medium of claim 16, Where the 
instructions for determining the maximum time delay com 
prise instructions for determining a time delay for each base 
station, the instructions for: 

incorporating a ?rst time stamp into a request; 
sending the request to the plurality of base stations; 
and, for each base station, determining a difference 

betWeen the ?rst time stamp and a second time stamp 
incorporated by the base station in a response to the 
request received by the root node. 
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25. A computer-readable medium having computer-ex 
ecutable instructions for performing a method by a base sta 
tion of a Wireless communication-infrastructure to buffer data 
packets for transmission by a plurality of base stations over an 
air interface, the method comprising: 

a) transmitting a data packet to a root node of the Wireless 
communication infrastructure, responsive to a data 
packet received from the root node; 

b) receiving a timing latency from the root node, Wherein 
the timing latency is based upon a maximum time delay 
for transmission of a data packet from the root node to a 
plurality of base stations; 

c) storing at least one data packet received from the root 
node; 

d) re-transmitting the at least one data packet over an air 
interface, after the received timing latency has elapsed. 

26. The computer-readable medium of claim 25, Wherein 
the timing latency is greater than the maximum time delay. 

27. The computer-readable medium of claim 25, Wherein 
transmitting comprises providing to the root node a time 
stamp representing the time the request Was received by the 
base station. 

28. The computer-readable medium of claim 25, Wherein 
the Wireless communication infrastructure is a 3GPP UMTS 
infrastructure and the base station is a Node B. 
29.A root node of a Wireless communication infrastructure 

for determining a timing latency, comprising: 
a) a transmitter for transmitting to a plurality of base sta 

tions a data packet and a timing latency; 
b) a receiver for receiving from each base station at least 

one data packet that is responsive to at least one data 
packet transmitted by the transmitter; and 

c) processing logic for computing a maximum data packet 
transmission delay based upon the responsive data pack 
ets received from the base stations, and for computing 
the timing latency based upon the maximum delay. 

30. The root node of claim 29, Wherein the timing latency 
is greater than the maximum delay. 

31. The root node of claim 29, Wherein the processing logic 
is operable to cause the transmitter to transmit the same data 
packet from the root node to each base station. 

32. The root node of claim 29, Wherein: 
the root node comprises a core netWork; and 
the processing logic is operable to determine a maximum 

of a plurality of time delays for transmission of the data 
packets from the root node to the base stations via a 
netWork controller. 

33. The root node of claim 32, Wherein the processing logic 
is operable to determine the maximum time delay by deter 
mining, for each netWork controller, a single time delay from 
the root node to the netWork controller, and a maximum time 
delay from the netWork controller to the base stations corre 
sponding to the netWork controller. 

34. The root node of claim 29, Wherein the root node 
comprises a netWork controller. 

35. The root node of claim 29, Wherein the maximum delay 
is based upon a round trip data packet transmission delay 
betWeen the root node and the base station. 

3 6. The root node of claim 29, Wherein the maximum delay 
is based upon at least one ?rst time stamp incorporated in at 
least one data packet at the root node in association With a 
request issued to the base stations by a doWnlink transmission 
of the at least one data packet, and at least one responsive time 
stamp incorporated in at least one responsive data packet at 
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the base stations in association with a response to the request, 
wherein the receiver is operable to receive the at least one 
responsive data packet. 

37. A base station of a wireless communication infrastruc 
ture for buffering data packets for transmission over an air 
interface, the base station comprising: 

a) a receiver for receiving a ?rst data packet, a third data 
packet, and a timing latency from a root node of the 
wireless communication infrastructure, wherein the tim 
ing latency is based upon a maximum time delay fpr 
transmission of a data packet from the root node to a 
plurality of base stations; and 

b) a transmitter for transmitting a second data packet to the 
root node in response to the ?rst data packet, and for 
re-transmitting the third data packet over an air interface 
after expiration of the timing latency. 

38. The base station of claim 37, wherein the timing latency 
is greater than the maximum time delay. 

39. The base station of claim 37, further comprising pro 
cessing logic for incorporating in the second data packet a 
time stamp representing the time the ?rst data packet was 
received by the receiver. 

40. The base station of claim 37, wherein the wireless 
communication infrastructure is a 3GPP UMTS infrastruc 
ture and the base station is a Node B. 

41. A method performed by a root node of a wireless 
communication infrastructure for buffering data packets for 
transmission by a plurality of base stations over an air inter 
face, the method comprising: 

determining a plurality of time delays for transmission of a 
data packet from a root node to the plurality of base 
stations; 

determining a maximum time delay from the plurality of 
time delays; and 

initiating transmission of a plurality of data packets to each 
base station based upon a corresponding latency differ 
ential between the maximum time delay and the time 
delay from the root node to each corresponding base 
station. 

42. The method of claim 41, wherein initiating transmis 
sion comprises: 

initiating transmission of the data packets to the base sta 
tion associated with the maximum time delay; and 

initiating transmission of the data packets to a second base 
station of the plurality of base stations after expiration of 
the latency differential associated with the second base 
station. 

43. The method of claim 41, wherein the ?rst of the plu 
rality of data packets arrives at each base station at substan 
tially the same time. 

44. The method of claim 42, wherein the ?rst of the plu 
rality of data packets arrives at each base station within the 
scheduling interval of each base station. 

45. The method of claim 41, wherein initiating transmis 
sion comprises initiating transmission of the same plurality of 
data packets to each base station. 

46. The method of claim 41, wherein: 
the root node comprises a core network; and 
determining time delays comprises determining the plural 

ity of time delays for transmission of the data packet 
from the root node to the base stations via a network 
controller. 

47. The method of claim 46, wherein determining a maxi 
mum time delay comprises determining, for each network 
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controller, a single time delay from the root node to the 
network controller, and a maximum time delay from the 
network controller to the base stations corresponding to the 
network controller. 

48. The method of claim 41, wherein the root node com 
prises a network controller. 

49. The method of claim 41, wherein the plurality of time 
delays is based upon a round trip data packet transmission 
delay between the root node and each base station. 

50. The method of claim 41, wherein the time delay is 
determined from a difference between a ?rst time stamp 
incorporated in a data packet at the root node in association 
with a request issued to a base station by a ?rst transmission 
of the data packet, and a second time stamp incorporated in 
the data packet at the base station in association with a cor 
responding response to the request received by the root node 
in a second transmission of the data packet. 

51. The method of claim 41, wherein the wireless commu 
nication infrastructure is a 3GPP UMTS infrastructure and 
the root node is a 3G core network. 

52. The method of claim 51, wherein a radio network 
controller (RNC) mediates communication between a Node 
B and the 3G core network. 

53 . A root node of a wireless communication infrastructure 
for buffering data packets for transmission by a plurality of 
base stations over an air interface, the root node comprising: 

a transmitter for transmitting a plurality of data packets to 
the plurality of base stations; 

a receiver for receiving from each base station at least one 
data packet that is responsive to at least one data packet 
transmitted by the transmitter; and 

processing logic for computing a maximum data packet 
transmission delay based upon responsive data packets 
received from the base stations, and for initiating trans 
mission by the transmitter of the plurality of data packets 
to each base station based upon a corresponding latency 
differential between the maximum delay and a time 
delay from the root node to each corresponding base 
station. 

54. The root node of claim 53, wherein the processing logic 
is operable to: 

initiate transmission of the data packets to the base station 
associated with the maximum time delay; and 

initiate transmission of the data packets to a second base 
station of the plurality of base stations after expiration of 
the latency differential associated with the second base 
station. 

55. The root node of claim 53, wherein the processing logic 
is operable to initiate transmission so that the ?rst of the 
plurality of data packets arrives at each base station at sub 
stantially the same time. 

56. The root node of claim 54, wherein the processing logic 
is operable to initiate transmission so that the ?rst of the 
plurality of data packets arrives at each base station within the 
scheduling interval of each base station. 

57. The root node of claim 53, wherein the processing logic 
is operable to initiate transmission of the same plurality of 
data packets to each base station. 

58. The root node of claim 53, wherein: 
the root node comprises a core network; and 
the processing logic is operable to determine the maximum 

transmission delay for transmission of the data packets 
from the root node to the base stations via a network 
controller. 
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59. The root node of claim 58, wherein the processing logic 
is operable to determine the maximum transmission delay by 
determining, for each netWork controller, a single time delay 
from the root node to the netWork controller, and a maximum 
time delay from the netWork controller to the base stations 
corresponding to the netWork controller. 

60. The root node of claim 53, Wherein the root node 
comprises a netWork controller. 

61. The root node of claim 53, Wherein the processing logic 
is operable to compute the time delay to each base station 
based upon a round trip data packet transmission delay 
betWeen the root node and each base station. 

62. The root node of claim 53, Wherein the processing logic 
is operable to cause the transmitter to issue a request to each 
base station including a ?rst time stamp, and determine the 
corresponding time delay for each base station based upon a 
difference betWeen the ?rst time stamp and a second time 
stamp incorporated by each base station in a corresponding 
response to the request received by the root node. 

63. The root node of claim 53, Wherein the Wireless com 
munication infrastructure is a 3GPP UMTS infrastructure and 
the root node is a 3G core netWork. 

64. A computer-readable medium having computer-ex 
ecutable instructions for performing a method by a root node 
of a Wireless communication infrastructure to buffer data 
packets for transmission by a plurality of base stations of the 
Wireless communication infrastructure over an air interface, 
the method comprising: 

determining a plurality of time delays for transmission of a 
data packet from a root node to the plurality of base 
stations; 

determining a maximum time delay from the plurality of 
time delays; and 

initiating transmission of a plurality of data packets to each 
base station based upon a corresponding latency differ 
ential betWeen the maximum time delay and the time 
delay from the root node to each corresponding base 
station. 

65. The computer-readable medium of claim 64, Wherein 
initiating transmission comprises: 

initiating transmission of the data packets to the base sta 
tion associated With the maximum time delay; and 

initiating transmission of the data packets to a second base 
station of the plurality of base stations after expiration of 
the latency differential associated With the second base 
station. 
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66. The computer-readable medium of claim 64, compris 
ing instruction for causing the ?rst of the plurality of data 
packets to arrive at each base station at substantially the same 
time. 

67. The computer-readable medium of claim 65, compris 
ing instructions for causing the ?rst of the plurality of data 
packets to arrive at each base station Within the scheduling 
interval of each base station. 

68. The computer-readable medium of claim 64, Wherein 
initiating transmission comprises initiating transmission of 
the same plurality of data packets to each base station. 

69. The computer-readable medium of claim 64, Wherein: 
the root node comprises a core netWork; and 
determining time delays comprises determining the plural 

ity of time delays for transmission of the data packet 
from the root node to the base stations via a netWork 
controller. 

70. The computer-readable medium of claim 69, Wherein 
determining a maximum time delay comprises determining, 
for each netWork controller, a single time delay from the root 
node to the netWork controller, and a maximum time delay 
from the netWork controller to the base stations correspond 
ing to the netWork controller. 

71. The computer-readable medium of claim 64, Wherein 
the root node comprises a netWork controller. 

72. The computer-readable medium of claim 64, compris 
ing instructions for determining the plurality of time delays 
based upon a round trip data packet transmission delay 
betWeen the root node and each base station. 

73. The computer-readable medium of claim 64, compris 
ing program code for causing the transmission of a request, 
including a ?rst time stamp, to each base station, and deter 
mining the corresponding time delay for each base station 
based upon a difference betWeen the ?rst time stamp and a 
second time stamp incorporated in a corresponding response 
to the request received by the root node from each base 
station. 

74. The computer-readable medium of claim 64, Wherein 
the Wireless communication infrastructure is a 3GPP UMTS 
infrastructure and the root node is a 3G core netWork. 

75. The computer-readable medium of claim 74, Wherein a 
radio netWork controller (RNC) mediates communication 
betWeen a Node B and the 3G core netWork. 

* * * * * 


